
HIGHLIGHTS

The term “multiple cause of death” refers to the fact that most people die of more than a single cause of
death.  In the United States, up to 20 causes of death can be reported on the death certificate.  These
causes of death represent the sequence of medical conditions directly leading to death as well as other
contributing medical conditions which the physician felt had a bearing on the death, but were not directly
associated with the causal sequence.  The totality of all of these conditions on the death certificate is
called multiple cause of death.

Traditionally, mortality data are tabulated and analyzed using only a single cause of death, “the
underlying cause of death”.  This report goes beyond the usual analysis of mortality data, and covers not
only the underlying cause of death, but also the other causes of death reported on the death certificate.  It
includes an examination of the causes of death in terms of the “underlying cause”, the “other than
underlying cause”, and “any mention”, which is a composite of the underlying cause and the other than
underlying cause.  The following are the 1995 multiple cause of death highlights:

• A total of 735,028 causes of death were mentioned on the 224,213 death certificates among
California residents, which are equivalent to an average of 3.3 causes per death. (Figure 1)

• Of the 224,213 resident deaths in California, 196,335 or 87.6 percent of the deaths had two or more
causes reported on the death certificate, while 27,878 or 12.4 percent of the deaths reported only a
single cause. (Figure 1)

• Analysis of the leading causes of death by the underlying cause, the other than underlying cause,
and any mention revealed some type of heart disease as the number one cause of death in
California. (Tables 1A-1C, Table 3, and Table 5)

• The rank ordering of causes of death depends heavily upon the scheme utilized to group specific
diagnostic conditions into broad categories (Table 1A and Table 5), and whether or not the ranking
is based on the underlying cause or any mention of a cause. (Table 6)

• Whenever a large proportion of deaths is due to a combination of multiple diseases or diagnostic
conditions, then analysis of a single underlying cause of death excludes a considerable amount of
pertinent data.  A good example is diabetes mellitus where 75.1 percent of the deaths due to this
cause was assigned as the other than underlying cause, and only 24.9 percent was assigned as the
single underlying cause of death. (Table 1A)
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INTRODUCTION

Multiple cause of death data provide an alternative view of mortality compared to statistics based on only
a single underlying cause.  With life expectancy increasing among Americans, correlated increases are
occurring in the number of diagnostic conditions a person has at the time of death.1  Older people, in
most cases, have multiple complications at the time of death rather than a single condition or cause.2  As
a result, whenever a large proportion of deaths is due to a combination of multiple diseases or diagnostic
conditions, then analysis of a single underlying cause of death excludes a considerable amount of
pertinent data and becomes increasingly less meaningful.

Researchers as far back as 1940 began to point out the “importance of tabulating multiple causes of
death”.3  These early efforts were hampered by the lack of computer technologies currently available.
Nevertheless, work persisted through the years because it was felt that analysis of multiple cause of death
data yielded important information and insight into the course of mortality.4  The following benefits have
been associated with the study of multiple cause of death data 5:

• disease combinations that seem to go with high mortality can be studied.

• non-fatal diseases which merely contribute to death can be better understood.

• increases or decreases in the prevalence of a given cause of death can be more accurately
described.

In comparison to the analysis of a single cause of death, multiple cause of death data reveal more clearly
the connection between mortality, age at death, and certain chronic diseases, such as diabetes mellitus.6

In addition, multiple cause of death data show more substantive information pertaining to other key
factors associated with multiple causes, including the decedent’s gender and race/ethnicity.7

The coexistence of chronic conditions (e.g., comorbidity) is considered common in the older population.
However, systematic evaluation of the prevalence, patterns, and impact of comorbidity in representative
populations have been limited.8  Studies related to comorbidity as it applies to mortality have also been
limited, albeit, the use of multiple cause of death data in examining comorbidity appears to have
potential.  The study of comorbidity would be especially enlightening for those diagnostic categories
which are mentioned more often as an “other than underlying cause of death”.  This would allow a more
comprehensive analysis of these types of conditions and the effects of specific multiple causes of death.

This report presents tabulations of the total number of deaths due to any mention of the selected
diagnostic categories.  Any mention is comprised of the underlying cause and other than underlying
cause, which are compared and contrasted.   The purpose of this report is to examine the relative number
of deaths due to any given diagnostic category (e.g., Diseases of the Heart) as an underlying cause, and
as an other than underlying cause.  Data are presented for the traditional ten leading causes of death, a
non-traditional listing of the leading causes of death, and the 72 selected causes used by the National
Center for Health Statistics (NCHS) including AIDS, Alzheimer’s disease, injury by firearms, drug-
induced deaths, and alcohol-induced deaths.
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METHOD

Cause of death data presented in this report are based on diagnostic information reported on the death
certificate by a medical certifier, usually the attending physician.  The diagnoses are then codified
according to the International Classification of Diseases, Revision 9 (ICD-9) by nosologists.9  The ICD-9
coding scheme classifies all known human diseases, injuries, and external causes at the time the list is
adopted by the World Health Organization.  Medical workers throughout the world contribute to its
compilation, organization, and definition of diseases.  The ICD-9 was adopted in 1975, and it was
implemented for use beginning with deaths occurring in 1979.

Since 1968, NCHS has annually compiled data from all death certificates filed in the United States and
made these data available through a series of public use tape files called “Multiple Cause of Death Files”.
These files include the International Classification of Disease codes for the underlying cause of death and
for any contributing conditions, up to 20, that were reported on the death certificate (14 conditions before
1979).  Also included on these files are demographic and geographic information related to the decedent.

The source of the data presented in this report was the 1995 Multiple Cause of Death File provided by
NCHS.  Cause of death data residing on this file are stored in three different formats:  the entity axis; the
record axis; and the underlying cause of death.  The entity axis provides, in essence, an unaltered list of
all 735,028 diagnostic conditions in ICD-9 coded form that were reported on the 224,213 death
certificates registered in California.  The record axis codes are derived from the entity axis codes through
a computerized process called TRANSAX for “Translation of Axis”.  The TRANSAX program is used to
convert the entity axis codes into record axis codes for record (or person) based analysis.  This
conversion process combines, modifies, and/or deletes the entity axis codes into a set of codes that best
describe the overall diagnostic conditions reported on the death certificate.  As a result, the 735,028 entity
axis codes were reduced to 445,008 record axis codes.  The entity axis codes are also processed through
another computer program called ACME for “Automated Classification of Medical Entities”.  This
program edits the entity axis codes and assigns the underlying cause of death by applying a predefined
algorithm to these codes based on traditional ICD rules.  Quality assurance of the aforementioned cause
of death data are performed on an ongoing basis by nosologists who code the diagnostic conditions at the
state level as well as nosologists at NCHS who periodically review and verify data on a sample of death
certificates submitted by the states.10

Issues related to the validity and reliability of the single underlying cause of death data have been a
continuous concern for public health researchers.  This concern becomes increasingly important when
analyzing multiple cause of death data, which are the sequence of conditions contributing to the morbid
process that eminently resulted in death.  Most of the data quality issues, as they relate to cause of death
data, pertain to the varied procedures used by the certifiers to report the medical conditions on the death
certificate.  Some of the reporting variations may be attributed to:  differences in the interpretation of the
death certificate instructions among certifiers; differences in the level of detail used to report causes of
death on the certificate among certifiers ; and differences in the medical opinions among certifiers in
terms of what existing diagnostic conditions may be related to a death.  Previous studies have shown that
the aforementioned reporting problems have been identified in the analysis of multiple cause of death
data related to Alzheimer’s disease and alcohol-related mortality.11,12   These problems are also inherent
among nonfatal conditions such as obesity, epilepsy, and various mental health problems.  Depending on
the type of analysis, caution should be taken when examining
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multiple causes of death, especially those that are rare causes of death or nonfatal in nature.  In spite of
these known limitations, cause of death data have rarely misled researchers.  As stated by Kleinman,
when “viewed in proper context and used with care, vital statistics represent an invaluable source of data
on the nation’s health”13

California resident death data, presented in Figure 1, were compiled using the 735,028 entity axis codes
to quantify the number of causes listed on the 224,213 death certificates in 1995.  The 445,008 record
axis codes were used to quantify the number of deaths by underlying and other than underlying cause
of death for each cause of death category shown in Tables 1A-6.  A special computer algorithm was used
to compile the record axis codes into the selected cause of death categories.  The traditional ten leading
causes of death presented in Table 1A are based on the ICD-9 groupings found in the annual report, Vital
Statistics of California 1995.14  Tables 1B and 1C are based on a set of ICD-9 groups, which are non-
traditional, but provide an alternative view of the ten leading causes of death.  Tables 2-6 are based on the
standard 72 selected group causes of death developed by NCHS plus deaths due to acquired immune
deficiency syndrome, Alzheimer’s disease, injury by firearms, drug-induced deaths, and alcohol-induced
deaths.

Further details regarding how diagnostic conditions are reported on the death certificate by the medical
certifier, and how NCHS develops the Multiple Cause of Death Files can be found in the Appendix of
this report.
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RESULTS

Deaths by the Number of Causes Listed on the Death Certificate

In 1995, there were 224,213 deaths among residents of California according to the data compiled from
the NCHS Multiple Cause of Death File.  This count differs from what is shown in the California annual
report Vital Statistics of California 1995 (222,626) by 1,587 deaths, or less than 1.0 percent.14  This
insignificant difference is primarily due to the deaths among California residents who died in another
state.  These deaths are omitted from California’s annual Death Statistical Master File because the death
certificate data reallocated to California by other states cannot be feasibly processed.  However, there are
other significant differences in the data, namely, the results of the data based on multiple causes of death
versus those based on a single underlying cause of death as presented in California’s annual report.
These differences are discussed later in the analyses.

All death records have at least one cause of death.  The number of causes that can be reported on a death
record can vary up to 20 causes.  Among California residents, the greatest number of causes reported on a
death certificate was 14 causes in 1995.  Two deaths had that many causes.  One person was a 26 year-
old male, while the other was a 50 year-old male.  The 50 year-old male had the following 14 causes
reported on his death certificate:

ICD-9 CODE DIAGNOSTIC CONDITION
998.1 Hemorrhage or hematoma complicating a procedure
997.3 Respiratory complications (Mendelson’s syndrome/pneumonia)
E879.8 Other (abnormal reaction of patient, or of later complication (blood transfusion))
786.3 Hemoptysis (cough with hemorrhage/pulmonary hemorrhage)
997.4 Gastrointestinal complications
E879.8 Other (abnormal reaction of patient, or of later complication (blood transfusion))
428.0 Congestive heart failure
359.4 Toxic myopathy
496 Chronic airways obstruction, not elsewhere classified
799.1 Respiratory Failure (cardiorespiratory failure/respiratory arrest)
E870.5 Aspiration of fluid or tissue, puncture and catheterization
540.0 With generalized peritonitis (acute appendicitis)
998.1 Hemorrhage or hematoma complicating a procedure
999.9 Other and unspecified complications of medical care, not elsewhere classified

Since the entity axis codes were used for this analysis, duplicate codes are allowable.  Therefore, 2 of the
14 causes of death (998.1 and E879.8) reported on the certificate of the 50 year-old male were duplicate
codes.  It might be instructive for the reader to attempt to select the single underlying cause of death from
the 14 causes of death.  This may prove to be a difficult task.  Later in the report, the underlying cause of
death assigned by the ACME program will be given.

As shown in Figure 1, most of the death records had far fewer multiple causes of death than the 14 causes
shown above.  The average number was 3.3 causes per death record in 1995.  Of the 224,213 California
resident deaths, 19.8 percent (44,425) had four causes reported on the death certificate, while 25.4
percent (56,882) had three causes, and another 22.1 percent (49,457) had two causes.  Only 12.4 percent
(27,878) of the records reported a single cause of death, whereas 87.6 percent (196,335) of the records
had two or more causes.
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FIGURE 1
DEATHS BY THE NUMBER OF CAUSES LISTED ON THE DEATH CERTIFICATE

CALIFORNIA RESIDENTS, 1995
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Source:  National Center for Health Statistics, Multiple Cause of Death File.



Ten Leading Causes of Death (Traditional)

The ten leading causes of death, as reported in the Vital Statistics of California 1995, have been
compiled for many years.   This traditional table has been constructed to draw attention to the most
important causes of death in terms of the number of deaths attributed to each diagnostic category, as an
underlying cause of death.  As shown in Table 1A, certain diagnostic conditions are combined into
more or less large groups, such as diseases of the heart, whereas others stand alone as one ICD-9 code,
such as chronic liver disease and cirrhosis.  These categories have been reported for the past several
years, and tend to change very little from one year to the next.  Table 1A also shows the number and
percent of deaths by the underlying cause and the other than underlying cause.  Within each
diagnostic category, the counts of underlying causes and the other than underlying causes are
unduplicated.  This means that the two counts are mutually exclusive and can be summed to equal the
total the number of any mention of a specific diagnostic condition.  For example, 68,329 deaths had
diseases of the heart assigned as the underlying cause, and another 51,200 deaths had diseases of the
heart assigned as the other than underlying cause.  The sum of these two counts (119,529) is the total
number of deaths that had any mention of diseases of the heart on the death certificates.

As shown in Table 1A, the percent of any mention as it pertains to the underlying cause (50.4) for all
causes of death among Californians was essentially equal to the percent of other than underlying cause
(49.6).  However, proportional variations exist among the ten leading causes of death between the
underlying cause and the other than underlying cause.  The largest variations were among deaths due
to suicide, homicide, acquired immune deficiency syndrome, malignant neoplasms, and diabetes
mellitus.  Virtually all of the deaths due to suicide (99.8 percent) and homicide (99.4 percent) were
automatically assigned as an underlying cause.  The majority of deaths due to acquired immune
deficiency syndrome (91.6 percent), and malignant neoplasms (86.6 percent) were assigned as an
underlying cause, and were respectively 10.9 and 6.5 times greater than their other than underlying
cause percentages.  In contrast, most of the deaths due to diabetes mellitus (75.1 percent) were assigned
as an other than underlying cause of death.  This percentage was 3.0 times greater than its underlying
cause percentage.  Diabetes mellitus is a good example of comorbidity, and the need for more in-depth
analysis into the coexistence of chronic conditions using the multiple cause of death data.  The diabetes
mellitus data also show the limitations of analyzing only the single underlying cause, and not taking
into consideration the other than underlying causes.  Although diabetes mellitus had the highest
inverse proportional difference between the underlying cause and the other than underlying cause,
the majority of the deaths due to chronic obstructive pulmonary disease, and pneumonia and influenza
were also assigned as the other than underlying cause.

Figure 2 illustrates the percent distribution of California’s ten leading causes of death for the underlying
cause and the other than underlying cause in 1995.  This chart clearly shows that variations exist
among the leading causes of death in terms of the relative number of causes selected as the underlying
cause and as the other than underlying cause.

Further, the ten traditional categories shown in Table 1A and Figure 2 reflect a somewhat arbitrary
grouping of diagnostic codes.  For example, ICD-9 codes for “diseases of the digestive system” are not
traditionally grouped together for analysis, while the ICD-9 codes for “diseases of the heart” are grouped
together.  With this in mind, careful consideration should be taken before formulating and analyzing
specific groups of diagnostic codes.
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FIGURE 2
PERCENT DISTRIBUTION OF

THE TEN LEADING CAUSES OF DEATH
FOR UNDERLYING CAUSE AND OTHER THAN UNDERLYING CAUSE

CALIFORNIA RESIDENTS, 1995

Source:  Table 1A

Ten Leading Causes of Death (Non-Traditional)

Table 1B depicts an alternative listing of the ten leading causes of death in California by including two
non-traditional diagnostic categories, diseases of the digestive system and diseases of the nervous system.
The data is arrayed using the traditional ten leading underlying causes of death along with the two non-
traditional cause of death groups.  The resulting table drops suicide and homicide as the ninth and tenth
leading cause of death.  The diagnostic group, diseases of the digestive system, moves into the list as the
seventh leading cause of death and the diagnostic group, diseases of the nervous system, moves into the list
as the tenth leading cause of death.  All other diagnostic groups remain relatively unchanged in their order
on the list.

As mentioned earlier, the grouping of diagnostic conditions shown in Table 1A is more or less arbitrary, or
at least merely traditional.  A comparison of the data in Table 1A with Table 1B clearly demonstrates that
the list of the ten leading causes of death can be altered simply by the diagnostic conditions that are
selected for inclusion and the method used to group these conditions.
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Table 1C shows the “non-traditional ten leading causes of death” based on the total number of any
mention of a diagnostic condition.  This new listing shows the leading causes of death with a different
perspective by ranking the causes by the total number of any mention instead of the underlying cause.  As
a result, the diagnostic category, symptoms, signs, and ill-defined conditions, moves into the list as the
third leading cause of death and acquired immune deficiency syndrome drops off the list.  The rank order
of the other leading causes of death in Table 1C remains relatively similar to the causes listed in Table 1B,
except unintentional injuries, which went from rank six in Table 1B to rank ten in Table 1C.

Comparable to Table 1A and 1B, Table 1C includes some diagnostic conditions that encompass a rather
large number of different ICD-9 codes.  Such a category is diseases of the heart, the number one cause of
death in all three of these tables.  Researchers may question the ranking of diseases of the heart due to its
categorical broadness, in that the number one ranking may simply be attributed to the large number of ICD-
9 codes that are included in this category.  However, the number of deaths from other broader categories
was substantially lower than the number of deaths due to diseases of the heart.  For example, the number of
deaths involving any mention of diseases of the heart (119,529) was 8.2 times greater than the number of
unintentional injuries (14,545), even though the category, unintentional injuries, is comprised of more ICD-
9 codes.

As shown in Table 1C, malignant neoplasms had the highest proportion (86.6 percent) of any mention
assigned as the underlying cause, followed by unintentional injuries (63.6 percent), and diseases of the
heart (57.2 percent).  At the other extreme, symptoms, signs, and ill-defined conditions had the highest
proportion (95.3 percent) of any mention assigned as the other than underlying cause.  Diabetes mellitus
(75.1 percent) and diseases of the nervous system (70.2 percent) were also disproportionately coded as the
other than underlying cause, and were the second and third highest proportions respectively.  The later
three diagnostic conditions, as the data suggest, merely contribute to some other diagnostic condition, and
were not determined to be the underlying cause.  As a result, symptoms, signs, and ill-defined conditions,
and diseases of the nervous system were not ranked as one of the traditional ten leading causes of death
based on the underlying cause shown in Table 1A.

Table 1C avoids the problem of “properly” selecting the underlying cause.  Instead, the table measures the
causes of death as a composite, any mention, rather than a single underlying cause imputed by a computer
algorithm.  The problem of selecting an underlying cause from a number of multiple causes has not been
readily resolved (see Appendix for further discussion).  Earlier in this report, we instructed the reader to
attempt to select the single underlying cause for the 50 year-old male that had 14 causes of death listed on
his death certificate.  The underlying cause of death selected by the ACME program was ICD-9 code
E870.5, “aspiration of fluid or tissue, puncture and catheterization (any, except heart catheterization)”.

The data shown in Tables 1A, 1B, and 1C are all equally “correct”.  Each table basically presents data
using various methods of categorizing the ten leading causes of death.  These tables also demonstrate the
potential use of studying the other than underlying causes conjointly with the underlying cause to obtain
a more in-depth understanding of multiple causes and their effects upon one another.8   Moreover, the study
of multiple causes provides a more accurate portrayal of mortality when deaths are attributed to a number
of concurrent diagnostic conditions.4
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Selected Causes of Death (77 Causes)

Table 2 presents a more detailed list of diagnostic conditions than the ten leading causes of death.  These
diagnostic conditions are the standard 72 group causes of death developed and reported by NCHS.
Acquired immune deficiency syndrome, Alzheimer’s disease, injury by firearms, drug-induced deaths, and
alcohol-induced deaths were also added to the list because these causes have become increasingly
important in the past few years.  The standard 72 group causes are arrayed in ascending order by ICD-9
code.  The 5 additional group causes, which are not mutually exclusive of the standard 72 group causes, are
added to the end of the table.  Also included in this table are some of the important subtotals for various
causes of death groups.  For example, infectious & parasitic diseases are comprised of twelve subcategories
including tuberculosis, which in turn, is comprised of two more subcategories.

Table 2 is similar to the Table 1 series, in that the total number of any mention and the number and percent
of deaths due to the underlying and the other than underlying cause are presented for each of the
diagnostic categories.  This table can be used as a “look-up” table to locate a specific diagnostic condition,
as a cause of death, and to assess the number of deaths due to that diagnostic condition as an underlying
cause versus an other than underlying cause.  For example, of the 224,213 California resident deaths in
1995, there were 59,397 persons who died with any mention of malignant neoplasms.  In 51,423 or 86.6
percent of those deaths, malignant neoplasms was the underlying cause of death, while the remaining
7,974 or 13.4 percent of the deaths were assigned as the other than underlying cause.

This table can also be used to make comparisons between two or more diagnostic conditions.  For example,
out of the 224,213 deaths among Californians in 1995, there were 20,650 deaths due to any mention of
hypertension with or without renal disease, of which 1,376 or 6.7 percent of those deaths were assigned as
the underlying cause, and 19,274 or 93.3 percent of the deaths were assigned as the other than
underlying cause.  In comparison, deaths due to any mention of acute myocardial infarction had relatively
the same number of deaths as hypertension with or without renal disease.  However, of the 20,358 deaths
due to any mention of acute myocardial infarction, 17,934 or 88.1 percent of the deaths were assigned as
the underlying cause, while only 2,424 or 11.9 percent were assigned as the other than underlying
cause.  The difference between the two diagnostic conditions as it pertains to their underlying cause
proportions is significant.  On the other hand, if the data are analyzed by any mention of the diagnostic
conditions, then hypertension with or without renal disease is equally as important as acute myocardial
infarction as a cause of death.  Hence, the principal difference in the two diagnostic conditions is attributed
to the process in which the ACME computer program selects the underlying cause from the multiple
causes listed on the death certificate.  This further emphasizes the importance of studying multiple causes
of death versus only a single underlying cause, and the impact that other than underlying causes can have
upon any mention of certain diagnostic conditions.  The following analyses of the standard 72 group
causes plus the 5 additional group causes will substantiate the advantages of analyzing multiple causes of
death, and the alternative approaches that can be used to study various diagnostic conditions.
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Table 3 shows the standard 72 group causes plus acquired immune deficiency syndrome, Alzheimer’s
disease, injury by firearms, drug-induced deaths, and alcohol-induced deaths ranked in descending order by
the number of underlying causes.  In the event of a tie, the causes are then ranked in descending order by
any mention. The subtotals of the diagnostic categories presented in Table 2, which are not a part of the
standard 72 group causes nor the 5 additional group causes, are excluded from this table (i.e., diseases of
the heart, cerebrovascular diseases, etc.).

As shown in Table 3, the leading cause of death among California residents in 1995 was “old myocardial
infarction/other chronic ischemic heart disease”, which is a subcategory of diseases of the heart.  A total of
28,308 persons died of this diagnostic condition or 11.6 percent of all deaths in California.  Moreover, the
number of deaths due to “old myocardial infarction/other chronic ischemic heart disease” was 57.8 percent
higher than the second leading cause of death, acute myocardial infarction, which had 17,934 deaths.  Like
“old myocardial infarction/other chronic ischemic heart disease”, acute myocardial infarction is also a
subcategory of diseases of the heart.  The third leading cause of death, all other diseases, encompasses all
of the residual causes of death that are not mentioned in the other standard 71 causes of death.  This group,
however, does contain diseases such as multiple sclerosis, Huntington’s chorea, Jakob-Creutzfeld disease,
and Parkinson’s disease to name a few well known but statistically less important diseases in terms of the
number of deaths with which they are associated.  The number of deaths due to all other diseases was
17,513.  The diagnostic group, all other heart diseases, was the fourth leading cause with 16,452 deaths.
The fifth and sixth leading causes of death were two different types of malignant neoplasms, “malignant
neoplasms:  respiratory/intrathoracic organs” with 14,225 deaths and “malignant neoplasms:  digestive
organs/peritoneum” with 12,439 deaths.  The diagnostic group, “all other and late effects of
cerebrovascular diseases”, was the seventh leading cause of death with 12,224 deaths, while “pneumonia”
was the eighth leading cause of death with 10,504 deaths.  The ninth and tenth leading causes of death were
“other chronic obstructive pulmonary diseases (C.O.P.D.) and allied conditions” and “all other infectious
and parasitic diseases”, which had 7,742 and 7,310 deaths respectively.  This list of ten leading causes is
considerably different than the traditional ten shown in Table 1A.  For example, suicide and “homicide and
legal intervention” are the ninth and tenth leading causes of death on Table 1A, whereas in Table 3, they
are the twentieth and twenty-first leading causes of death.

Table 3 demonstrates that the grouping of ICD-9 codes into smaller diagnostic conditions, although based
on underlying cause alone, has a marked effect on the ranking of the causes of death.  In the discussion of
Table 1C, a question was raised concerning the apparent relationship between the number of ICD-9 codes
comprising a diagnostic condition and the number of deaths, in that conditions comprised of a greater
number of ICD-9 codes will also experience a greater number of deaths.  This assumption does not hold
true in all cases as alluded to earlier.  Among the standard 72 group causes, “old myocardial
infarction/other chronic ischemic heart disease”, which encompasses only two ICD-9 codes, was the
number one cause of death in Table 3.  Furthermore, the second ranked cause of death in Table 3, acute
myocardial infarction, is comprised of only a single ICD-9 code.
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Tables 4A and 4B respectively show the 77 group causes of death in descending order by the percent of
underlying cause and the other than underlying cause relative to the total number of any mention.  In the
event of a tie, the causes are then ranked in descending order by any mention.  As shown in Table 4A, all
of the alcohol-induced deaths were assigned as the underlying cause of death, and as a result, it was the
diagnostic condition with the highest proportion of any mention assigned as the underlying cause (100.0
percent).  Injury by firearms and suicide were tied for the second highest proportion (99.8 percent) of any
mention assigned as the underlying cause.  However, suicide was the highest percentage of any mention
assigned as the underlying cause among the standard 72 group causes, which excludes alcohol-induced
deaths and injury by firearms.  Other diagnostic conditions with 90 percent or more of their any mention
assigned as the underlying cause include:  homicide and legal intervention (99.4 percent); motor vehicle
accidents (98.8 percent); meningococcal infection (94.1 percent); acquired immune deficiency syndrome
(91.6 percent); and “malignant neoplasms: respiratory/intrathoracic organs” (90.8 percent).  At the other
extreme, the diagnostic condition in Table 4B with the highest proportion of any mention assigned as the
other than underlying cause was nutritional deficiencies at 96.1 percent.  Other diagnostic conditions
with 90 percent or more of their any mention assigned as the other than underlying cause include:
symptoms, signs, and ill-defined conditions (95.3 percent); septicemia (95.0 percent); anemias (94.9
percent); hypertension with or without renal disease (93.3 percent); and renal failure, disorders resulting
from impaired renal function (92.2 percent).  Most of the deaths due to these diagnostic conditions appear
to merely go along with some other more definite cause, which is ultimately selected as the underlying
cause of death.

Interesting questions can be raised concerning the data presented in Tables 4A and 4B.  In the assignment
of the underlying cause by the ACME program from the multiple causes listed on the death certificate, a
few categories appear to be equitable in terms of whether or not they are assigned as the underlying cause
or remain as an other than underlying cause.  The diagnostic conditions that meet this criterion are those
that have between 45 and 55 percent of their any mention assigned as the underlying cause.  The
following are the diagnostic conditions that meet this criterion:  infections of the kidney; all other and late
effects of cerebrovascular diseases; bronchitis, chronic and unspecified; all other accidents and adverse
effects; rheumatic fever and rheumatic heart disease; and emphysema.  This leads to the question:  how can
some diagnostic conditions be selected equally as either an underlying cause or as an other than
underlying cause?  A subsequent implied question is:  why are some diagnostic conditions assigned more
frequently as an underlying cause, while others are more often assigned as an other than underlying
cause?  For example, acquired immune deficiency syndrome is an underlying cause in 91.6 percent of the
deaths in which that diagnostic condition is mentioned.  In contrast, septicemia is an underlying cause in
only 5.0 percent of the deaths in which that diagnostic condition is mentioned.

Questions like these have been raised by previous researchers.5,16  The only brief answer lies in the fact that
the constellation of diagnostic conditions on a death certificate affects the selection of a particular single
diagnosis as the underlying cause.  However, it is interesting that some diagnostic conditions are
disproportionately selected as an underlying cause, regardless of the other multiple causes listed on the
death certificate, whereas other diagnostic conditions are rarely selected as the underlying cause.
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A substantial amount of pertinent information is excluded when analyzing a diagnostic condition using
only the underlying cause of death, and disregarding the other than underlying cause.  As a means of
circumventing this problem, Table 5 represents an alternative view of “the cause of death”.  This table
shows in descending rank order the number of any mention of a diagnosis for the standard 72 group causes
of death plus the 5 additional group causes.  Any mention is a compilation of the number of underlying
causes and the other than underlying causes of death, which are each mutually exclusive of one another.
As a result, the number of deaths due to a specific diagnostic condition can be studied without the burden
of having to select either the underlying cause or the other than underlying cause as the basis for the
analysis.

As shown in Table 5, the leading cause of death due to any mention of a diagnostic condition was all other
heart diseases, which accounted for 97,568 deaths or 40.0 percent of the 243,459 deaths in 1995.
Furthermore, this diagnostic category was assigned as the other than underlying cause approximately 5
times more than as an underlying cause.  The second leading cause of death due to any mention was all
other diseases.  This category, as stated earlier in Table 3, contains a collection of various causes not
necessarily related to one another.  Nevertheless, it is a category that accounted for 71,120 deaths or 29.2
percent of the total number of deaths in California.  All other diseases were assigned as the other than
underlying cause approximately 3 times more than as an underlying cause.  Symptoms, signs, and ill-
defined conditions ranked third and accounted for 51,083 deaths or 20.9 percent of the total number of
deaths.  This category was assigned as the other than underlying cause 95.3 percent of the time, or 20
times more than the underlying cause.  Due to this factor, symptoms, signs, and ill-defined conditions
failed to make the list of the traditional ten leading causes of death in Table 1A.  However, this diagnostic
condition can still be considered as an important cause of death if analyzed from the any mention point of
view.  The fourth, fifth, and sixth leading causes of death due to any mention were “old myocardial
infarction/other chronic ischemic heart disease”, pneumonia, and “all other and late effects of
cerebrovascular diseases”, which accounted for 49,532, 25,234, and 24,486 deaths respectively.  The
proportion of deaths assigned as an underlying cause and as the other than underlying cause was
relatively the same for all three of these diagnostic conditions.  Hypertension with or without renal disease
and diabetes mellitus ranked as the seventh and eighth leading cause of death due to any mention, and
accounted for 20,650 and 20,523 deaths respectively.  These two diagnostic conditions are similar to
symptoms, signs, and ill-defined conditions, in that most of the deaths due to any mention of these
conditions were assigned as the other than underlying cause (93.3 percent for hypertension with or
without renal disease, and 75.1 percent for diabetes mellitus).  Unlike symptoms, signs, and ill-defined
conditions, diabetes mellitus did make the list of the traditional ten leading causes of death in Table 1A
despite the fact that the majority of deaths involving any mention of this condition were assigned as the
other than underlying cause.  The ninth leading cause of death due to any mention was acute myocardial
infarction, which accounted for 20,358 deaths.  This diagnostic condition appears to be an excellent
example of an archetypical “leading cause of death” because only a single ICD-9 code makes up this
category, and over 85 percent of any mention of this diagnostic condition is an underlying cause.  This is
probably what most people have in mind when describing a leading cause of death, albeit most group
causes of death do not meet the criteria.  Consequently, the study of causes of death, including the study of
multiple causes, is neither simple nor straightforward.  Finally, the tenth leading cause of death due to any
mention was “other C.O.P.D. and allied conditions”, which accounted for 19,051 deaths or 7.8 percent of
the total number of deaths in California.
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The last table in this report, Table 6, summarizes the rank ordering of the 77 group causes.  The rankings
are based on the number of deaths by any mention and by the underlying cause as shown in Table 5 and
Table 3 respectively.  The group causes of death are in descending order by the number of any mention,
and includes the corresponding rank for the underlying cause.  Each method for ranking the causes of
death portrays a different view of the important causes.  For some diagnostic conditions, the difference is
minimal between the two methods based on frequency of occurrence.  For example, “all other and late
effects of cerebrovascular diseases” is rank sixth as any mention of that cause and seventh as an
underlying cause.  Causes of death near the bottom of the list also tend to be similarly ranked by both
methods.  Examples of this latter case are whooping cough, strep throat/scarlatina/erysipelas, measles, and
acute poliomyelitis.

In contrast, some causes of death vary markedly between the two methods.  These causes tend to be those
that have high proportions based on either the underlying cause or other than the underlying cause in
relation to any mention of that diagnostic condition.  For example, symptoms, signs, and ill-defined
conditions is ranked third as any mention of that diagnostic condition and twenty-sixth as an underlying
cause.  Alcohol-induced deaths shows the opposite effect, and is ranked thirty-second as any mention of
that diagnostic condition and nineteenth as an underlying cause.  Although the rankings of some causes of
death are markedly different between the frequencies of any mention and underlying cause, there is a
greater correspondence among these ranks than what seems intuitively apparent.

Calculation of Spearman’s Rank Correlation Coefficient is a statistical technique for quantifying how well
two rankings agree.  The rank order correlation of the 77 group causes by the two methods is +0.91.  The
possible range of values is from –1.00 to +1.00.  These two extremes mean perfect negative correlation and
perfect positive correlation, from complete opposition to complete congruence.  No agreement at all would
be signified by a value of 0.00.  In this case, a value of +0.91 can be interpreted to mean that any mention
and underlying cause, as sources of variation in the ranking of the 77 group causes, account for 82.8
percent of the variation and random effects account for only 17.2 percent.  This indicates that the
correspondence between the two ranks is high.
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CONCLUSION

Analysis of death data by any mention of a diagnostic condition, rather than the underlying cause avoids
some of the problems inherent in selecting one diagnosis from several multiple causes of death.  The
importance of a diagnostic condition and its ranking as a leading cause of death need not depend on
arbitrary selection procedures that force the assignment of only a single diagnostic condition as the
underlying cause of death.

Any list of leading causes of death depends not so much on the raw “facts”, but on how the facts are
organized.  One expected source of variation is the manner in which the diagnostic conditions are grouped
to comprise categories of diseases and injuries.  Categories consisting of many ICD-9 codes tend to be
reported among “the leading causes of death”, but not always.  When other diagnostic categories are
constructed in which several ICD-9 codes are combined, such as diseases of the digestive system, then a
rearrangement of the more traditional ordering of the leading causes of death occurs.

The leading causes of death, no matter how constructed, tend to be some type of heart disease.  The
traditional method, which utilizes the underlying cause, ranks the subcategory diseases of the heart (ICD-9
codes 390-398, 402, 404-429) in first place.  Analysis of the 77 group causes of death, which is an
alternative scheme, shows “old myocardial infarction/other chronic ischemic heart disease” as the number
one underlying cause of death.  If the frequencies of any mention of a diagnostic condition are used, then
the category, all other heart diseases (ICD-9 codes 415-423, 425-429), becomes rank one among the 77
group causes of death.

The ranking of any mention of a cause of death tends to emphasize those diagnoses that are important, but
are not usually presented as one of the leading causes of death.  However, some categories are important as
both an underlying cause and as any mention of a cause.  Some examples are:

ICD-9 Codes Diagnostic Category

415-423, 425-429 all other heart diseases
412, 414 old myocardial infarction/other chronic ischemic heart disease
480-486 pneumonia
430, 433, 435-438 all other and late effects of cerebrovascular diseases

Future research should focus on questions, such as “what diagnostic conditions tend to be associated with
other diagnostic conditions most frequently”, and “what effects do diagnostic conditions which are
disproportionately assigned as an other than underlying cause have upon the underlying cause of
death?”
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APPENDIX

I. Technical Note on Processing Multiple Causes of Death Records

A facsimile of the cause of death item from the California death certificate is depicted in Figure 3 below.
As shown in Item 107, “Death Was Caused By”, there are four lines available for recording up to four
levels of causes:  Line (A) “Immediate Cause”; Lines (B,C) “Intermediate Causes”; and Line (D)
“Underlying Cause”.

Ideally, the sequence of events leading to death, in terms of diagnosable conditions, begins with one
underlying cause.  The underlying cause is considered to be the basic, primary, ultimate, or first cause, the
single condition that initiates the dying process.  It directly leads to the conditions recorded on Lines B and
C, the intermediate causes, which in turn give rise to the immediate or proximal condition that occurs just
prior to death, mentioned on Line A.  Cause of death, in this scheme, is a chain of diagnoses that can be
traced backward through time, from the condition immediately causing the death to the one condition
underlying the process.  The conceptual model implies the causes are a connected series of conditions
which are linked together to describe the dying process.  In addition, Item 112 on the death certificate,
“Other Significant Conditions…”, includes another dimension that can be used to mention one or more
contributing cause or causes, which are not part of the linear chain of conditions leading to death.  The
conditions listed in Item 107 along with the conditions listed in Item 112 are used conjointly to determine
the underlying cause of death.

From the diagnostic labels written on the death certificate by the physician or medical certifier, the
nosologist determines the appropriate International Classification of Disease code (ICD-9) for each
diagnostic label written on the four lines.  All the diagnostic codes on the death certificate are entered into
the electronic record so that whatever codes are on the death certificate are exactly reproduced on the data
tape.  Then, after considerable computer processing, an electronic record with as many as twenty separate
ICD-9 codes can be obtained for each death.  The “computer processing” of multiple cause of death data is
complex and convoluted.  It involves not only computer editing and recoding of the data, but also intensive
human intervention.
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Information about diagnostic conditions on each death certificate is coded into an electronic medium
(computer tape) and is essentially unaltered from the death certificate to an “entity axis” of multiple causes.
The “entity axis” of conditions maintains as closely as possible the exact information that was shown on
the certificate.  Each diagnostic condition is seen as a medical entity without regard to other medical
entities on either the same line of causes of death or on any of the other lines.  These entity axis data serve
two purposes.  First, in those instances in which the medical certifier has not properly designated the
underlying cause of death, a computer algorithm determines the assignment of the underlying cause.  The
computer program is called ACME, “Automated Classification of Medical Entities”.  The second purpose
is to provide the basis for studying the etiology of diagnostic conditions as originally perceived by the
medical classifier.  Entity axis data preserve not only each diagnostic code, but also the location (Item 107.
Lines A, B, C, or D and its respective position on that line; and Item 112) of the code as it is listed on the
death certificate.  Therefore, one is able to inspect the electronic representation of a death record and
determine the location and order of each diagnosis, whether it is one of several immediate, intermediate,
underlying, or contributing causes of death.  The entity axis may have more than one underlying cause of
death coded from Line D of Item 107.  In some cases, the exact same diagnostic code may be repeated on
the same line.  In other instances, two diagnostic conditions may be in conflict with one another.  For
example, one code might show that there was “cirrhosis of the liver w/o mention of alcoholism” (ICD-9
codes 571.5), while another code listed on the certificate could indicate “alcohol dependence syndrome”
(ICD-9 code 303).  As a result, the entity axis cause of death is generally not useful for analysis of person-
based statistics on multiple causes of death.

To circumvent this problem, a computer algorithm called TRANSAX, “Translation of Axis”, is used to
transform the entity axis to a “record axis” (person-based statistics) of multiple causes.  The record axis
codes take into account each of the other codes listed on a certificate, such that a coherent set of diagnostic
conditions is created that best describes the relationships among the causes of death.  For example, in the
case of ICD-9 codes 571.5 and 303 described above, both codes would be combined and replaced by code
571.2, “alcoholic cirrhosis of the liver”.

In addition to two or more codes being combined into one code on the record axis, one code may be
modified by the presence of another.  For example, when ICD-9 code 394.9, “diseases of the mitral valve
not specified as rheumatic”, is mentioned with code 398, “other heart disease specified as rheumatic”, then
code 394.9 is modified to 394.0, “diseases of the mitral valve specified as rheumatic”, and code 398 is
retained.  Furthermore, some ICD-9 codes may be deleted in the presence of another code.  If code 410.9,
“acute myocardial infarction with mention of hypertension” appears on the death certificate with code
410.0, “acute myocardial infarction without mention of hypertension”, then code 410.9 is deleted from the
record axis coding of multiple causes of death.  Finally, in the translation of axis from entity to record
codes, only one of any duplicated ICD-9 code is retained.

For a more complete and detailed description of the processing of death certificate data, please see the
National Center for Health Statistic’s file documentation related to the creation of multiple cause of death
tapes.10
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Technical Note on the International Classification of Disease Codes

The International Classification of Disease Codes, Ninth Revision, (ICD-9) published by the World Health
Organization uses a 4-digit coding scheme (0010-9999), which is used as a worldwide standard, to classify
various causes of death.  In this coding scheme, the first three digits of the code represent an ICD-9 cause
of death category, and the last digit represents a subcategory, if applicable.  ICD-9 codes 0010-7999 are
unique codes, while codes 8000-9999 are not unique.  In the case of the later codes, they can be either a
nature of injury code (N-Code) or an external cause of injury code (E-Code).  The data shown in Figure 1
utilize the entity axis, and both the N-Codes and the E-Codes for compiling the number of causes listed on
each death certificate.  All of the data represented in the tables and Figure 2 use the record axis and only
the E-Codes for compiling the number of causes.

II. Technical Note on Terms Used with Multiple Cause of Death Data

To emphasize the difference between cause of death as a diagnostic condition and the dichotomy of
underlying cause of death as separate from other than underlying cause, consider the following
distinctions:

• A diagnostic condition, whether a single ICD-9 code or a group of ICD-9 codes, may either be an
underlying cause or an other than underlying cause.

• An underlying cause, by definition, can consist of only a single diagnostic condition.

• An other than underlying cause can consist of many diagnostic conditions, and up to 20 may be
retained in the multiple causes data.

• An other than underlying cause can be comprised of the immediate, intermediate, and
contributing causes with either one, two, or all three levels applicable to a given death.

• Any mention of a diagnostic condition is an unduplicated count of an ICD-9 code or group of
codes.  For example, the first step for enumerating a diagnostic condition is by underlying cause
(single cause).  The records that were not counted in the first step are passed on to the second step.
In this step, the diagnostic condition is compiled by other than the underlying cause (up to 20
causes).  Records that contain more than one ICD-9 code for a specific diagnostic condition are
only counted once.
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